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ABSTRACT 
Background Multi component interventions delivered at school may affect children’s dietary 
behaviour. Where intervention trials are not successful the reasons why need to be explored.  
This analysis evaluates the overall appreciation and implementation of an intervention 
designed to maintain fruit and vegetable intake in children aged 8-9 years. 
Method A random sample was selected using schools as clusters across England; each group 
consisted of 27 primary schools. The intervention group received a multi-component 
programme delivered in school by teachers and items sent home for parents/children. Of the 
311 children that completed the trial, 261 children participated in the process evaluations. 
Dietary measurements were collected at baseline and follow-up. The intervention participants 
completed questionnaires on the intervention materials, to identify implementation and 
appreciation of the intervention, and other environmental mechanisms. 
Results Implementation of the intervention was low, 21.3% of school items and 56% of home 
items were implemented. The intervention materials were well received by teachers, parents 
and children. Other mechanism that affect with fruit and vegetable intake, revealed parents 
who eat their main meal with their children 3-4 nights or 5-7 nights a week, on average had 
48gram (95% CI: -15.4 to 111.7) and 34gram (95% CI: 6.4 to 62.0) respectively more fruit 
and vegetables intake, compared to parents who eat with their children less than three times 
per week. 
Conclusion Implementation of the trial components was poor. However, the results identified 
the importance of parental environment and mealtime structure on children’s fruit and 
vegetable intake.  
 
INTRODUCTION 
 
Children’s health and nutritional intake remain a national priority in the UK.  Nutritional 
education programmes have been developed for schools, home and community settings in an 
attempt to improve children’s diets; however, it is still unclear which methodologies increase 
or maintain children’s fruit and vegetable consumption.  
 
As part of the UK’s “5 A DAY” programme in 2004, the Department of Health launched the 
School Fruit and Vegetable Scheme (SFVS), aimed at increasing children’s fruit and vegetable 
consumption by providing a free piece of fruit or vegetable every school day for children in 
Reception to Year 2 (aged 4-6 years). Three academic studies have evaluated the SFVS
1-3
, 
suggesting that whilst the scheme appears to increase children’s fruit intake, this increase is 
only short-term. The flexible multi-component intervention, Project Tomato, was designed to 
tackle this issue, aiming to encourage children to maintain fruit and vegetable consumption 
once eligibility for the SFVS ceased.   
 
The Project Tomato intervention focused on curriculum based activities and tasting sessions to 
improve children’s knowledge and awareness of dietary fruit and vegetables.  However, the 
home environment and mealtime structure are vital components to a child’s eating pattern.4 
The Project Tomato intervention incorporated fun activities for parents and children to do 
together at home; as parents play a direct role in their child’s eating behaviours and attitudes 
towards food.
4 5
 
 
Several systematic reviews have summarised existing research on school interventions to 
increase children’s fruit and vegetable intake6-8 and these reviews suggest multi-component 
interventions are the most successful in terms of improving fruit and vegetable consumption, 
9-
17
  supporting the design methodology used to create the Project Tomato intervention. With 
such complex interventions, identifying the combination of components that are the most 
effective at increasing children’s fruit and vegetable intake is difficult, illustrating the 
importance of exploring the process evaluations for each study. Process evaluations are used 
to improve the understanding of successful or unsuccessful health interventions; to identify the 
key components that make an intervention successful, for boys, girls or both, and determine 
which environment/conditions lead to these particular components facilitating a successful 
outcome. 
18 19
 
 
Despite the promising theory-based design of the Project Tomato intervention, it was not 
successful at maintaining children’s fruit and vegetable intake (unpublished data). The aim of 
the present study is to investigate the level of implementation and appreciation of the different 
elements involved in the Project Tomato intervention, to identify to which elements worked 
and which did not.  As well as exploring other possible factors within the home environment 
that could be associated with fruit and vegetable intake. 
 
METHODS 
Population and study design 
A nationally representative sample of 1031 children from 54 schools were recruited into the 
trial. 
20
  Schools were randomised to receive the Project Tomato intervention or control. 
Further detail on the sampling methodology is reported elsewhere
20
.  Ethical approval was 
obtained through the University of Leeds Central Research Ethics Committee.  
 
Process Evaluation 
Twenty-four schools and 311 children completed the intervention. These schools were asked 
to complete a set of questionnaires on the intervention materials, sent to them at different 
periods during the intervention, for the teacher, parents or children to complete. The teachers 
were asked to complete a questionnaire about the school items, by ticking when they 
completed a task/item and commenting on a rating scale for each item. For example with the 
teacher lesson plans teachers were asked to tick if they did or did not use the lesson plan, and 
then rate their appreciation of the lesson plan on a Likert scale of 1-5. The parent questionnaire 
asked the parents to tick boxes if their child had received different intervention materials (yes 
or no), and to confirm if they used these materials. Parents were also asked to comment on 
whether they sent their children to school with fruit or vegetables, along with other family 
eating pattern questions; for example how many nights a week they ate their main meal with 
their child at a table.  How many days a week parents sent their children to school with a piece 
of fruit or vegetables was categorised into 0-1, 2-3, 4-5 per week, and how many nights a 
week they at their main meal together was categorised into 0-2, 3-4 and 5-7 nights per week. 
The children were asked to complete three questionnaires. Each questionnaire asked the 
children to comment on the intervention items sent in the three kit bags, using a Likert scale, 
with the children asked to tick one of the following options ‘love it, like it, don’t like it, hate it, 
don’t know.’ The children were also asked to tick if they had or had not used each item.  
 
 
The intervention 
 
The intervention was designed using the theories of maintenance of health behaviour as a 
basis.
21
 To apply the theories, underlying factors that have an effect on initiating and 
maintaining change in people’s eating behaviour were described using the following acronym 
– FRAME: familiarisation, repetition, activities, modelling and environment7 20 21. The 
intervention consisted of core and customised materials designed for the whole school, the 
Year 3 classroom and for the children to take home. The core elements consisted of the 
following; the Project Tomato manual and 12 curriculum related lesson plans. The customised 
elements were: cooking (designed by the British Nutrition Foundation); growing club 
information (designed by the Royal Horticultural Society), funding support; and information 
to set up a Project Tomato Team. The customised elements were tailored to meet each 
school’s needs. The head teacher could decide which of these elements were included in their 
school’s package. The intervention also involved items designed for the parents and children 
to complete consisting of: three Project Tomato kit bags, two Project Tomato newsletters, and 
parent handouts. The duration of the intervention was 10 months from July 2007 to April 
2008, and these materials were sent out at appropriate intervals throughout the school year. 
 
Dietary Assessment 
 
Dietary intake was collected using a 24 hour dietary assessment tool ‘Child And Diet 
Evaluation Tool, (CADET)’ diary.22  To complete the diary the participant has to tick each 
item consumed, under the appropriate meal time heading within the 24-hour period. For this 
analysis a National Foundation for Educational Research (NFER) field worker filled in the 
CADET diary for each child during school hours, and parents were asked to complete the 
evening and morning food consumption for their child. 
 
 
Statistical analysis 
 
To assess potential bias amongst parents and children who returned a process measures 
questionnaire and those that did not, multi-level regression model was conducted on school 
and child characteristics, to explore if there were any differences between the two groups. 
Descriptive statistics for implementation and appreciation of school and home items were 
calculated for teachers, children and parents. Participants implementation and appreciation of 
either set of materials (school, home) was re-coded into variables with a range from 0 to 100 
(zero meaning no items used or low implementation/appreciation; 100 meaning all items 
used/implemented or high appreciation). The total scores for implementation of school items; 
curriculum lessons, tasting sessions, cooking club and growing club were categorised into 
binary codes; no and yes.  The total scores for implementation of parents was coded into 
tertiles; low, medium and high. The total scores for appreciation for all teachers, and parents 
was categorised into low and high.   
 
To assess the association of different intervention materials (appreciation and implementation) 
on the difference in children’s total fruit and vegetable intake, a two level multilevel 
regression model was used with total weight of fruit and vegetable as the predictor.  This 
model took into consideration the hierarchical structures of the data caused by randomising by 
cluster (school).
20
 Two models were assessed, the first was unadjusted and the second was 
adjusted for age, gender, ethnicity and Index of Multiple Deprivation (IMD) score
23
. The mean 
and 95% confidence intervals were generated for all models. 
 
RESULTS 
The main outcome of the Project Tomato intervention has been reported elsewhere (Refer 
main paper).  Of the 24 schools that completed the interventions, 79%, (19 teachers) 
completed the teacher questionnaire. The number of children that participated in the 
intervention with a completed baseline and follow-up CADET was 311. Of these children 84% 
(261) responded to one of the three children’s questionnaires. 38% (120) completed the 
parents’ questionnaire.  
 
A sensitivity analysis conducted to determine differences between children who completed a 
process measure questionnaire and children who did not, this analysis revealed there were no 
differences for child or school characteristics. 
 
 [INSERT TABLE 1 HERE] 
 
Implementation and Appreciation of the Intervention for Teachers  
Of the 24 intervention schools that completed the process measures questionnaires, eight 
schools did not implement any of the school items stated above.  On average, schools 
implemented 21 percent of all school items.  Table 2 describes the mean implementation, 
appreciation, and 95 percent confidence intervals for the school items. School curriculum 
lessons and tasting sessions were the most widely implemented items, whilst the most 
appreciated items were the tasting sessions and the cooking club lessons. 
 
[INSERT TABLE 2 HERE] 
 
 
Implementation and Appreciation of the Intervention for Parents and Children  
The parents and children on average had low implementation scores of the home items, with 
the parents implementing 35% (N =57, 95%; CI: 30 to 40), and the children implementing 
56% (N=115, 95% CI= 53 to 60). Both parents’ and children’s appreciation of the Project 
Tomato items was high, with a mean for parents of 76% (N=112, 95% CI= 73 to 81), and for 
children 73% (N=101, 95% CI= 71 to 76).  From the three child process measure 
questionnaires, the children were asked to comment if they used each item sent to them in one 
of the three kit bags, the results are presented in Table 3. The items that were, on average, used 
the most were the fruit and veg portion game, fruit ‘n’ veg snack box for fruit, the Eat5! Quiz 
book, and the balance of good health quiz book. The children were also asked to rate each 
intervention item from the kit bags, on a five-point scale (love it, like it, don’t know, don’t like 
it, hate it) this was re-coded into love/like it and don’t know, don’t like or hate it.  On average, 
the Project Tomato items that the children liked/loved the most were; the fruity face, the 
Christmas cake recipe, eat 5 balloon, project tomato pencils, portion game, and fruit “n” veg 
snack box. 
 
[INSERT TABLE 3 HERE] 
 
 
Intervention implementation and the association with total fruit and vegetable intake 
 
A two level multilevel regression model was conducted to explore the relationship between 
children’s total follow-up fruit and vegetable intake and overall implementation of school 
items. The unadjusted and adjusted (gender, ethnicity, baseline intake and IMD score) models 
are presented in Table 4.  
 
[INSERT TABLE 4 HERE] 
 
 
Regression models revealed that for total implementation of all school items (curriculum 
lessons and tasting sessions) and home items (see items included in Table 3), there was no 
significant difference between intervention implementation levels and follow-up fruit and 
vegetable intake in the control and intervention groups, after adjusting for baseline fruit and 
vegetable intake, gender, ethnicity and IMD score.  The unadjusted and adjusted models are 
presented in Table 4. Whilst Parents’ level of implementation was not significantly associated 
with improvements in fruit and vegetable consumption, after adjusting for possible 
confounders, parents with a medium implementation of the intervention items were 40% more 
likely to have a higher fruit and vegetable intake, whereas parents with a high implementation 
level were 66% more likely to have children who consumed more fruit and vegetables 
compared to parents who had a low implementation rating.  This suggests that children of 
parents who had a high or medium intervention implementation consumed more fruit and 
vegetables compared to those with a low level of implementation. 
 
Parents were also asked “How many days per school week do you send your child to school 
with fruit or vegetables?” After adjusting for baseline fruit and vegetable intake, gender, 
ethnicity and IMD score, there was no significant difference in how many days per week 
children were sent to school with a piece of fruit or vegetable and their overall fruit and 
vegetable intake (N=111, 2-3days per week -6.1g 95% CI: -104.9 to 92.7, 4-5days per week 
23.9g 95% CI: 25.0 to 72.3. p=0.3). Parents were also asked “How many nights a week do you 
eat an evening meal with your child, at a table?” The multi-level regression model revealed 
that there was a significant relationship between eating at a table and children’s fruit and 
vegetable intake. Parent’s who ate their evening meal at a table 5-7 nights a week were 34g 
(95% CI: 6.4 to 62.0) and parents who ate their evening meal at a table with their children 3-4 
nights a week were 48g (N=102 95% CI: -15.4 to 111.7, p=0.03) more likely to have children 
with higher fruit and vegetable intake than children who ate their evening meals with their 
parents zero to two nights per week, after adjustments were taken into consideration.  
 
Intervention appreciation and the association with total fruit and vegetable intake 
 Table 5 shows that although the appreciation of various aspects of the project was high it was 
not significantly associated with change in children’s fruit and vegetable intake.  
 
[INSERT TABLE 5 HERE] 
 
DISCUSSION  
The evaluation of the impact of the Project Tomato intervention indicated that a flexible multi-
component intervention had little effect on maintaining or increasing children’s fruit and 
vegetable intake in the UK.  The components designed and used in this programme are similar 
to those used in other multi-component interventions which have been shown to be effective 
5 
10 14 17 24 25
.  However, implementation rate was a vital component in the success of these 
studies. Te Velde et al
17
 achieved long term change in children’s fruit and vegetable intake in 
the country that had the highest implementation rate.  Similarly, a successful intervention 
reported by Story et al
24
 reported high adhesion to the intervention materials in their process 
evaluation.  
 
The total implementation of the intervention for teachers, parents and children was low; this 
implies that the effect of the intervention on the main outcome, fruit and vegetable intake, 
might have improved with stronger implementation. These results are similar to previous 
studies 
11 26
 which had low implementation levels, and reported process measures stated that 
the primary barrier to teaching the intervention was preparation time. Multi-component 
interventions are often seen as labour intensive, and if the teacher-parent relationship is poor 
or the parents are rarely involved in school activities, barriers may exist to implementing 
nutritional interventions
7
.  The intervention was designed to be pragmatic and not relying on 
external agencies for its delivery. This was deliberate, since had the intervention been 
successful the approach would have been readily transferable between schools. Whereas the 
majority of successful fruit and vegetable interventions have had external assistance in 
training, delivering and running of the intervention.
9 10 12 13
 
 
Children’s and parents’ implementation levels of the home items provided a positive 
association with children’s fruit and vegetable intake. Whilst this difference was not 
significant, parents who implemented more intervention items were more likely to have 
children with higher fruit and vegetable consumption. The analysis identified the “fruit and 
veg portion game” as one of the most used and liked items by children and parents. This 
activity involves each member of the household recording their daily intake of fruit and 
vegetables, to see who has eaten the most at the end of the week. It is a very simple concept 
that could easily be implemented, in public health initiatives.  
 
Another important finding that was exploring other possible mechanisms associated with 
children’s fruit and vegetable intake was the meal time environment. Results revealed that 
parents who eat their main meal with their children at a table at least three times per week, on 
average have higher fruit and vegetable intake compared to parents who eat together less 
often.  This suggests that programmes encouraging parents to eat together with their children 
at a table, may be a more effective way of increasing fruit and vegetable intake. These findings 
support previous research that parents’ influence is an important determinant of children’s diet 
5 27
.  Eating together at a table provides the perfect environment for parents to model good 
nutritional behaviour.
28
 Food preparation, such as planning, writing a shopping list has been 
associated with higher fruit and vegetable intake from a study of women aged 18-65 years.
29
 
Also Traveras et al,
30
 found that eating a family meal together was inversely associated with 
obesity in children aged 9 to 14 years old. Children need to see adults eating fruit and 
vegetables, to help demonstrate that eating fruit and vegetables is beneficial.
6
 
 
Teachers, parents and children had high total appreciation scores for the different intervention 
materials. The results identified that there was no association between the teachers, parents or 
children’s appreciation scores and fruit and vegetable consumption. 
 
Validity and reliability of the process measures questionnaires has not been tested, however 
this is a common weakness with health interventions, as limited resources are allocated to 
process evaluations
5 13
. Teachers, parents and children might be inclined to give socially 
desirable answers, leading to overestimation of the intervention effect.  
 
Another limitation is that the study is subject to multiple comparisons or testing, as the more 
statistical analysis conducted in this case, on the intervention group, such as categorising 
implementation and appreciation levels, the more likely differences amongst the comparison 
groups would be found
31
. This study was powered to analyse the main outcome change in fruit 
and vegetable intake, and as a consequence it may not be adequately powered for this analysis. 
The main strengths of the present study are that it provides information on process measures of 
the first multi-component intervention trial to promote fruit and vegetables conducted across 
England and used advanced statistical techniques.  
 
 Conclusion   
The Project Tomato intervention was poorly implemented by teachers. The analysis revealed 
that the school items need improvement, to have a positive association with children’s diets. 
Future intervention research should design activities that involve little preparation time for the 
classroom teacher. This study also confirmed the importance of parents’ involvement, and the 
home environment. Further research should be conducted to review family eating behaviours 
and the mealtime environment to facilitate change in children’s dietary behaviours. 
Interventions need activities that parents and children will enjoy together to change children’s 
diets. The next step in research into school interventions is to continue using and validating 
process evaluations to identify the best methods for conducting health interventions. 
 
 
What is already known on this subject? 
 
School based fruit and vegetable interventions can increase children’s consumption levels, 
however not all interventions are successful. Process evaluations can be used to improve our 
understanding of successful health interventions; to identify the key components that achieve 
an intervention successful, which theoretical constructs made a difference and what 
environment/conditions lead to these particular components facilitating a successful outcome. 
 
 
What does this study add? 
 
 This study is one of the few clustered randomised controlled trials, of a multi-
component intervention designed to increase children’s fruit and vegetable intake 
conducted in England.   
 Parents who eat their main meal with their children at a table at least 3 times per week, 
have higher fruit and vegetable intakes compared to parents who eat with their children 
less often. 
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 Table 1. Intervention demographic characteristics of the respondent and non-respondent participants: 
Process Measurement Questionnaires 
Characteristics 
Completed a 
questionnaire 
95%CI  
Did not 
completed a 
questionnaire 
95%CI 
Child characteristics     
Age (years baseline)  7.0 (6.9, 7.0) 7.0 (6.9, 7.1) 
%Sex (boys) 132/261 (51%) (45, 57) 28/50 (56%) (42, 70) 
 %Ethnicity (non-white)  33/246 (13%) (9, 18) 5/45 (11.0%) (2, 21) 
Weight (kg baseline)  24.6 (24.1,  25.1) 24.8 (23.4, 26.3) 
Height (cm baseline) 122.5 (121.9, 123.1) 123.3 (121.6, 124.9) 
School characteristics     
% Free school meal 
eligibility* 
6.6 (6, 8) 17.6 (13, 25) 
IMD score* 13.7 (12.5 , 15.1) 23.8 (18.9, 30.0) 
Responded group n =261; non-responds group n = 50 *p<0.001 
(% free school meals eligibility and IMD score are  transformed using natural log) 
 
 
Table 2 Teacher’s implementation and appreciation of the Project Tomato items (range 0-100) 
Intervention items 
Implementation  Appreciation  
Mean % 95% CI Mean % 95% CI 
Curriculum lessons  45% (40, 50) 65.8% (61, 71) 
Tasting Sessions  25% (21, 30) 85.7% (83, 87) 
Cooking Club 8% (5, 10) 84.5% (81, 87) 
Gardening Club 8% (6, 11) 46.7% (42, 51) 
All school 
intervention items 
21% (19, 24) 65.7% (60, 71) 
N=24 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
Table 3. Children’s implementation and appreciation of home intervention items 
Intervention items 
Percentage of 
children who 
implemented 
each item 95% CI 
Percentage of 
children who 
liked or loved 
each item 95% CI 
Kit 1 
 
   
   Bean growing kit 74/181 41% (34, 49) 121/177 68% (62, 75) 
Juicy science 
         Electric Apples 60/181 33% (26, 40) 87/177 49% (42, 57) 
   Fruity Sugars from Apples 63/181 35% (28, 49) 
   Eat5! Quiz book 97/181 54% (46, 61) 122/180 68% (61, 75) 
Fruity face 148/181 82% (76, 88) 159/171 93% (89, 97) 
Recipes 
         Fruity flapjacks  65/181 36% (29, 43) 83/179 46% (38, 54) 
   Crumpet pizzas 54/181 30% (23, 37) 
   Kit 2 
      Balance of good health quiz book 131/236 56% (49, 62) 156/218 72% (66, 78) 
Christmas cracker 78/213 37% (30, 43) 177/218 81% (76, 86) 
Juicy science: 
         Bad apples 70/218 32% (26, 38) 110/214 51% (45, 58) 
   Scary heads 65/217 30% (24, 36) 
   Christmas recipes:  
         Baked vegetables 51/219 23% (18, 29) 107/214 50% (43, 57) 
   Christmas cake 64/219 29% (23, 35) 
      Cabbage and bacon 24/219 11% (7, 15) 
      Healthy apple muffins 46/219 20% (16, 26) 
   Kit 3 
      Fruit n veg portion game 178/221 81% (75, 86) 184/217 85% (80, 90) 
Cress egg head kit 65/221 29% (23, 36) 139/216 64% (58, 71) 
Fruit “n” veg snack box for fruit 127/221 58% (50, 64) 192/218 88% (84, 92) 
Fruit “n” veg snack box for vegetables 65/221 29% (23, 36) 
   Easter Bunny carrot cake recipe 51/221 23% (22, 24) 72/211 36% (30, 43) 
Cheat Easter carrot cake recipe 40/216 19% (13, 27) 57/204 28% (22, 34) 
 
 
  
Table 4. Implementation of the Project Tomato intervention for Teachers, Children and Parents and the association with 
total fruit and vegetable intake at follow-up. 
Degree of implementation Coefficient 95% CI p-value Coefficient 95% CI p-value N 
                  
Teachers 
       
 
All School intervention 
items 7.34 (-24.5, 39.1) 0.63 -2.44 (-38.3, 33.4) 0.88 274 
 
Curriculum lessons -0.84 (-34.4, 32.7) 0.95 -11.54 (-50.1, 26.9) 0.54 274 
 
Tasting Sessions 3.56 (-32.4, 39.5) 0.83 -12.25 (-50.1, 25.5) 0.50 274 
Children 
       
 
Total  Implementation 0.87 (-0.4, 2.1) 0.16 1.10 (-0.2, 2.4) 0.08 115 
Parents 
       
 
Total  Implementation 
       
 
Medium 48.63 (-56.4, 153.7) 
 
40.78 (-67.9, 149.5) 
  
 
High 56.42 (-35.4, 208.3) 0.34 66.10 (-71.4, 203.7) 0.58 57 
Adjusted for baseline fruit and vegetable intake, gender, IMD, and ethnicity. 
 
 
 
Table 5. Appreciation of the Project Tomato intervention for Teachers, Children and Parents and the association 
with total fruit and vegetable intake at follow-up. 
Degree of appreciation Coefficient 95% CI p-value Coefficient 95% CI p-value N 
Teachers 
       
 
Curriculum lessons  2.74 (-85.8, 91.3) 0.94 26.20 (-27.2, 79.6) 0.26 75 
 
Tasting Sessions 38.52 (-6.7, 83.7) 0.08 33.12 (-24.5, 90.7) 0.23 145 
Children 
       
 
Appreciation score 1.51 (-0.6, 4.6) 0.31 0.99 (-1.4, 3.4) 0.38 101 
Parents 
       
 
Appreciation score 
       
 
Medium -32.36 (-112.3, 47.6) -17.7 (-80.5, 45.0) 
  
 
High -28.71 (-84.5, 27.1) 0.53 -39.3 (-97.4, 18.7) 0.36 112 
Adjusted for baseline fruit and vegetable intake, gender, IMD score, and ethnicity. 
